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SUMMARY 

In  order t o  invest igate  the r e l i a b i l i t y  of f l u t t e r  data measured 
i n  the Langley transonic dynamics tunnel, an experimental and theo re t i ca l  
subsonic and transonic f l u t t e r  study has been conducted in a i r  and i n  
Freon-= i n  t h i s  f a c i l i t y .  
r a t i o  of 4.0, a taper  r a t i o  of 0.6, and 45O of quarter-chord sweepback. 
A sting-mounted full-span model was  t e s t ed  i n  addition t o  three s i zes  of 
wall-mounted semispan models. A wide range of mass r a t i o  w a s  covered by 
the t e s t s  i n  a i r  and by f l u t t e r  calculat ions made by the modified s t r i p -  
analysis  method of NACA Research Memorandum L57L10. A l imited amount of 
data w a s  obtained i n  Freon-=. 

The wing planform employed had an aspect 

Results of the t e s t s  i n  a i r  and i n  Freon-I2 are  i n  good agreement 
w i t h  the f l u t t e r  calculations at d l  Mach numbers. The t e s t  data com- 
pare favorably w i t h  previously published transonic f l u t t e r  data for  the 
same wing planform. The r e s u l t s  ind ica te  t h a t  f l u t t e r  charac te r i s t ics  
obtained i n  Freon-I2 may be interpreted d i r e c t l y  as equivalent f l u t t e r  
da ta  i n  a i r  a t  the same m a s s  r a t i o  and Mach number. 

INTRODUCTION 

In order to invest igate  the r e l i a b i l i t y  of subsonic and transonic 
f l u t t e r  da ta  obtained i n  the Langley transonic dynamics tunnel, it i s  
desirable  t o  compare f l u t t e r  da ta  obtained i n  t h i s  f a c i l i t y  with f l u t t e r  
da ta  from another f a c i l i t y  and with the r e s u l t s  of proven theo re t i ca l  
methods. This report  shows such comparisons f o r  a moderately swept, 
moderately tapered, wing planform t h a t  has been the subject of previous 
extensive experimental and theo re t i ca l  f l u t t e r  investigations.  
the Langley transonic dynamics tunnel i s  designed t o  use e i t h e r  air  o r  

Since 
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Freon-I2 as a t e s t ing  medium, f l u t t e r  resu l t s  were obtained i n  both 
media. A t  a given temperature and pressure, Freon-12 i s  about four t i m e s  
as dense as a i r  and has a speed of sound 55 percent lower than that  f o r  
air. For dynamic tes t ing,  these properties make Freon-12 an a t t r ac t ive  
a l te rna te  t o  a i r  f o r  the following reasons: (1) A given mass-density 
r a t i o  may be at ta ined with heavier models, (2)  data readout and t e s t  
observation are  simplified because of slower time scale, and (3) a t  a 
given Mach number, much greater  f l u i d  density may be used w i t h  a given 
amount of drive-motor power. 

The poss ib i l i t i e s  of using Freon-12 as a f l u i d  f o r  aerodynamic 
tes t ing  have been examined i n  reference 1 where the thermodynamic prop- 
ert ies were investigated. Reference 2 shows comparisons of steady-f low 
aerodynamic coeff ic ients  measured i n  Freon-I2 and i n  air f o r  both swept 
and unswept wings. 
i n  reference 3 where an experimental and ana ly t ica l  investigation of the 
f l u t t e r  of sweptback cant i lever  wings i s  reported. 

Freon-= w a s  used as a medium f o r  dynamic t e s t i n g  

The models tes ted  i n  the present investigation had a panel aspect 
r a t i o  of 1.6525, a panel taper r a t i o  of 0.6376, a quarter-chord sweep- 
back angle of 45O, and NACA 65A004 a i r f o i l  sections i n  the streamwise 
direct ion.  Reference 4 presents transonic f l u t t e r  charac te r i s t ics  of 
t h i s  wing planform as obtained i n  the Langley transonic blowdown tunnel. 
References 5 t o  7 present subsonic, transonic, and supersonic f l u t t e r  
charac te r i s t ics  f o r  t h i s  wing planform as calculated by the modified 
s t r ip-analysis  method of reference 5,  and good agreement i s  shown w i t h  
the experimental data of reference 4. 

Results of the present f l u t t e r  t e s t s  i n  air  at  Mach numbers from 
0.34 t o  1.14 are  a l so  compared w i t h  corresponding calculations made by 
the method of reference 5 and w i t h  the experimental data of reference 4. 
A l imited amount of f l u t t e r  data measured i n  Freon-12 a t  Mach numbers 
from 0.73 t o  1.00 i s  compared with similar calculations.  

A comparison, based on a l imited amount of data, w a s  obtained i n  
air  between f l u t t e r  charac te r i s t ics  of wall-mounted semispan models and 
sting-mounted full-span models at  low Mach numbers. 

SYMBOIS 

a nondimensional distance from midchord t o  loca l  aerodynamic 
center ( fo r  steady flow) measured perpendicular t o  e l a s t i c  
axis, posi t ive rearward, f rac t ion  of semichord measured 
perpendicular t o  e l a s t i c  axis  (cal led 

c, n 

acn i n  refs. 5 t o  7) 

bS streamwise semichord measured a t  wing root 



3 

b t  streamwise semichord measured a t  wing t i p  

C l oca l  l i f t -curve slope f o r  a section normal t o  e l a s t i c  axis- 
la, n i n  steady flow 

section normal-force coeff ic ient  cn 

- c  n,F n,A ACn = c 

E1 

G J  

f 
h, i 

t, J f 

fa 

knr 

M 

m 

4 

- 

S 

v 
V 

7 

%a 

c; 

P 

bending s t i f fnes s  

tors iona l  s t i f fnes s  

na tura l  frequency of wing i n  i t h  coupled bending mode 

na tura l  frequency of wing i n  j t h  coupled tors ion mode 

na tura l  frequency of wing i n  f i rs t  uncoupled tors ion mode 

reduced frequency based on veloci ty  component normal t o  e l a s t i c  
axis and on semichord normal t o  e l a s t i c  axis  a t  0.75 spanwise 
s t a t ion  

Mach number 

measured wing panel mass 

dynamic pres sure 

wing panel span 

stream veloci ty  

volume of a conical frustum having streamwise root chord as 
lower base diameter, streamwise t i p  chord as upper base 
diameter, and panel span as height 

nondimensional coordinate along e l a s t i c  axis  measured from 
wing root, f rac t ion  of e l a s t i c  axis  length 

sweep angle of wing e l a s t i c  axis, posi t ive f o r  sweepback 

- 
m mass ra t io ,  - 
PV 

test-medium mass density 
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co f l u t t e r  frequency 

Oa natura l  c i rcu lar  frequency of wing i n  f irst  uncoupled tors ion 
mode, 2nf, 

Subscripts: 

A a i r  

F Freon- I 2  

calc calculated 

me as measured 

MODELS 

Model Geometry 

The models tes ted  had a panel aspect r a t i o  of 1.6525, a panel taper 
r a t i o  of 0.6576, a quarter-chord sweepback angle of 45O, and NACA 65AOO4 
a i r f o i l  sections i n  the streamwise direction. These values of panel 
aspect r a t i o  and panel taper ra t io '  coincide with those of reference 4 
and correspond t o  a full-span wing of aspect r a t i o  4.0 and taper  r a t i o  0.6 
which i s  mounted on a fuselage t h a t  covers 21.90 percent of the wing span. 
Figure 1 gives the wing panel dimensions of the sting-mounted full-span 
model and of the three s izes  of wall-mounted semispan models employed i n  
t h i s  investigation. The full-span model w a s  mounted a t  Oo incidence on 
an 8-inch-diameter ogive-cylinder fuselage. The r a t i o  of fuselage diam- 
e te r  t o  wing span for t h i s  model w a s  0.22, the same as f o r  the models 
of reference 4. 
panel span) model mounted on the fuselage. 
l a r l y  t h a t  the present full-span model had a fuselage of l imited nose 
length, whereas the models of reference 4 were mounted on an elongated 
s t ing  fuselage t h a t  extended in to  the subsonic flow region of the tunnel 
entrance cone. 

Figure 2 shows the 3.00-foot full-span (1.167-foot 
It should be noted particu- 

Model Construction 

The models w e r e  constructed of laminated mahogany and hence were 
e s sen t i a l ly  homogeneous l i ke  those of reference 4. Figure 2 shows a 
photograph of the so l id  full-span model and figure 3 shows a typ ica l  
so l id  semispan model. 
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In  order t o  obtain f l u t t e r  throughout the tunnel Mach number and 
density ranges, it w a s  necessary t o  reduce the s t i f fnes s  of some of the 
models. Six of the 2.500-foot wall-mounted semispan models were reduced 
i n  s t i f fnes s  by d r i l l i n g  holes through the wing normal t o  the chord plane, 
as described i n  reference 8. A r i g i d  foam p la s t i c  w a s  used as a f i l l e r  
t o  maintain aerodynamic continuity without appreciably a l t e r ing  the 
s t i f fnes s  of the perforated wing. 
reduced i n  this  manner i s  referred t o  herein as a. weakened model. 
f i g s .  4 and 5.) 

A model i n  which the s t i f fnes s  w a s  
(See 

Model Ident i f icat ion 

The models tes ted  are divided in to  sting-mounted full-span model 
and wall-mounted semispan models. Only a single full-span model ( f ig .  1) 
w a s  tes ted.  The wall-mounted semispan models arc? subdivided in to  so l id  
models of l.25O-foot, 2.500-foot, and 3.750-foot panel span; and weakened 
models of 2.500-foot panel span. In  only two cases, the 2.500-foot so l id  
and weakened semispan series, were more than one model tes ted.  Individ- 
u a l  models of these two series are designated i n  the tab les  by numbers. 
Due t o  close s imi l a r i t y  of the model properties i n  these ser ies ,  no dis- 
t i nc t ion  is  made between individual models i n  the figures. 

I Model Physical Properties 

Some model physical properties are indicated i n  tab le  I which pre- 
sents  the measured frequencies of the  f i r s t  four vibrat ional  modes for 
each model together with the wing panel mass. 
of frequency measurement i s  given i n  reference 9. 
l i n e  pat terns  for all the semispan m o d e l s  and f o r  the full-span model 
are shown i n  figures 6 and 7, respectively. 

A description of the method 
Representative node- 

I The d is t r ibu t ions  of the bending and tors iona l  s t i f fnesses ,  E1 
and GJ,  f o r  a l l  of the models were measured by the method described i n  
reference 8. 
and G J  f o r  representative models, 

I Figures 8 t o  10 show the measured d is t r ibu t ions  of E1  

m L  m APPARATUS 

General Description of Tunnel I 
The Langley transonic dynamics tunnel, shown i n  f igure 11, is  a 

return-flow, variable-pressure, s lot ted- throat  tunnel having a t e s t  
sect ion 16 f e e t  square ( w i t h  cropped corners). 
t i on  a t  stagnation pressures from near vacuum t o  s l i gh t ly  above one 

It i s  capable of opera- 
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atmosphere and at  Mach numbers from 0 t o  1.2. The tunnel i s  designed 
t o  use e i t h e r  air  or Freon-I2 as the t e s t  medium. Curves showing the 
tunnel operating ranges are presented i n  figure 12 f o r  a i r  and i n  f ig -  
ure 13 f o r  Freon-12. This tunnel i s  par t icu lar ly  sui ted t o  f l u t t e r  
research and general dynamic t e s t ing  because Mach number and dynamic 
pressure can be varied independently. In  addition, the tunnel i s  equipped 
with a quick-opening bypass valve ( f ig .  11) which can be opened when 
f l u t t e r  occurs i n  order t o  reduce rapidly the dynamic pressure i n  the 
tes t  section. 

Model Mounts 

The semispan models were mounted cantilevered from the tunnel t e s t -  
section w a l l  with no provision made t o  avoid the w a l l  boundary layer.  
Figure 5 i s  a photograph of a weakened semispan model mounted i n  the tun- 
ne l  i n  t h i s  manner. 

The full-span model w a s  sting-mounted and located on the tunnel ten- 
t e r  l ine .  
model i n s t a l l ed  w a s  5.6 cycles per second as compared with the lowest 
model frequency ( f i rs t  bending) of 30.6 cycles per second. 

The fundamental bending frequency of the s t ing  support with 

Ins t m e n t a t  ion 

Each model w a s  instrumented with s t r a i n  gages external ly  mounted 
near the wing root and oriented so as t o  dis t inguish between wing bending 
and tors iona l  deflections.  The strain-gage signals were recorded on a 
multichannel oscillograph and displayed on a cathode-ray oscilloscope t o  
a id  the model observer i n  determining the approach of f l u t t e r .  Visual 
records of wing deflections were obtained from 16-~III motion pictures  
taken a t  128 frames per second. 
span model, s t i ng  displacements were indicated by an accelerometer 
attached t o  the fuselage. 

During t e s t s  of the sting-mounted f u l l -  

Tunnel stagnation temperature, stagnation pressure, and s t a t i c  
pressure were measured and automatically tabulated f o r  each tes t  point. 
For t e s t s  i n  Freon--, the Freon pur i ty  w a s  measured by a pur i ty  meter 
based on the var ia t ion of thermal conductivity with the Freon content 
of the t e s t ing  medium. For the present t e s t s ,  Freon-12 pur i ty  w a s  always 
above 91 percent by volume (or 98 percent by weight). 



FlLU'ITER TEST PROCEDURE! 

The tests were conducted w i t h  the model set a t  a condition of zero 
t o t a l  l i f t .  This se t t i ng  w a s  a t ta ined by monitoring the oscillograph 
t races  of the bending-moment gages while the tunnel w a s  a t  a low dynamic 
pressure and adjusting the model angle of a t tack so t h a t  the root bending 
moment w a s  zero. 

The i n i t i a l  s t ep  i n  obtaining a f l u t t e r  point w a s  t o  estimate the 
model f l u t t e r  boundary by using the data of reference 4 as a guide. A 
tunnel stagnation pressure w a s  then selected t o  in te rsec t  t h i s  estimated 
boundary near a desired Mach number. Model data and tunnel conditions 
were recorded a t  in te rva ls  as the dynamic pressure w a s  slowly increased. 
After a f l u t t e r  condition w a s  established, an attempt w a s  made t o  save 
the model by reducing the dynamic pressure as quickly as possible by 
opening the tunnel bypass valve and by reducing the tunnel fan speed. 
These attempts were successful t o  the extent that  only seven models were 
damaged i n  obtaining 25 f l u t t e r  points. 

The accuracy of determining the dynamic pressure a t  f l u t t e r  i n  these 
tests i s  considered t o  be +2 pounds per square foot.  

FLUTI'EB CALCULATIONS 

A l l  f l u t t e r  calculations of t h i s  investigation were made by the 
modified-strip-analysis method of references 5 and 6. 
spanwise d is t r ibu t ions  of l i f t  and pitching moment derived from dis t r ibu-  
t ions  of aerodynamic parameters associated with the undeformed wing i n  
steady flow. 

This method employs 

I n  a l l  the present calculations, three calculated uncoupled vibra- 
t i o n a l  modes ( f i rs t  and second bending and f irst  tors ion)  were employed. 
The modal frequencies (table I) f o r  each model, however, were obtained 
from measured coupled-mode frequencies. As i n  the procedure of refer- 
ence 4, measured frequencies f o r  coupled bending modes were used d i r ec t ly  
as uncoupled bending-mode frequencies. 
frequencies were "uncoupledn by means of the re la t ion  used i n  reference 4. 
The node-line posit ions f o r  the present models ( f igs .  6 and 7) indicate  
tha t  the na tura l  modes for these models are  not highly coupled; there- 
fore, th i s  procedure should give reasonably accurate estimates of the 
uncoupled-mode frequencies. 

Measured coupled torsion-mode 

A s  mentioned previously, the unweakened (so l id)  models were of 
e s sen t i a l ly  homogeneous construction. Although the weakened models were 
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not homogeneous, the foam-plastic-filled holes i n  them were spaced f a i r l y  
uniformly over the wing surface. Accordingly, a l l  models were t rea ted  
as homogeneous i n  the f l u t t e r  calculations.  

In a l l  calculations the models were considered t o  be cantilevered 
from the root. This condition should be correct f o r  the wall-mounted 
models, but some root motion did occur f o r  the sting-mounted model. 

Calculations Corresponding t o  Tests i n  Air 

For each f l u t t e r  point measured i n  a i r  a t  Mach number l e s s  than 1.0, 
the corresponding f l u t t e r  calculation w a s  based on the mass and s t i f fnes s  
properties of the model tes ted  and on the experimental values of Mach 
number and flow density. In  these calculations the required spanwise 
d is t r ibu t ions  of steady-flow section l i f t -curve slope and loca l  aero- 
dynamic center were calculated from subsonic l i f t ing-surface theory, 
e s sen t i a l ly  tha t  of reference 10. In  addition t o  the subsonic calcula- 
t ions,  a calculation w a s  made f o r  model 3 of the 2.500-foot weakened 

2 s e r i e s  a t  a Mach number of - = 1.15470 and a t  the density associated 
Js 

with the measured f l u t t e r  point a t  Aerodynamic parameters 
f o r  this  calculation were obtained f r o m  the supersonic l i f t ing-surface 
theory of reference 11. 

M = 1.141. 

In  addition t o  these theore t ica l  aerodynamic parameters, some exper- 
imentally determined d is t r ibu t ions  of section l i f t -curve  slope and l o c a l  
aerodynamic center were used i n  f l u t t e r  calculations a t  Mach numbers 
from 0.6 t o  1.2. 
previously i n  f l u t t e r  calculations f o r  other  wings of the present plan- 
form and are shown i n  figures 1 and 2 of reference 6. 
f l u t t e r  calculations employing measured aerodynamic parameters, the 
dens i t ies  used were those associated with the experimental f l u t t e r  point 
a t  the nearest  adjacent Mach number. 

These measured aerodynamic parameters have been used 

For the present 

Finally, aerodynamic parameters calculated from the subsonic and 
supersonic l i f t i n g -  surface theories  were employed i n  f l u t t e r  calculations 
f o r  model 3 of the 2.500-foot weakened se r i e s  at  Mach numbers of 0, 0.90, 

2 and - and a t  several  values of density i n  order t o  show the var ia t ion 
\/5 

of flutter-speed coeff ic ient  w i t h  density (or mass r a t i o ) .  

Calculations Corresponding t o  Tests i n  Freon-12 

F lu t t e r  calculations corresponding t o  f l u t t e r  points measured i n  
Freon-I2 followed the general procedure outlined previously, except t h a t  
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the aerodynamic parameters were modified t o  account f o r  the difference 
between Freon-I2 and air. Reference 2 showed t h a t  a t  a given subsonic 
o r  transonic Mach number, steady-flow aerodynamic coeff ic ients  measured 
i n  Freon-I2 can be s igni f icant ly  higher than those measured i n  air, the 
differences r i s i n g  t o  about 10 percent at  Mach numbers near 1.0. 
addition, reference 2 showed that pitching moment and normal force were 
affected i n  the same way and t o  about the same extent. The differences 
between air  and Freon-I2 thus manifested themselves as differences i n  
load leve ls  but did not change loading centers. Accordingly, i n  the 
f l u t t e r  calculations these differences between air and Freon-I2 were 
accounted f o r  by increasing the section l i f t -curve slope f o r  the Freon-12 
calculations by a f r ac t ion  which varied w i t h  Mach number as shown f o r  
two-dimensional wings i n  f igure 16 of reference 2. 
the modified-strip-analysis procedure as given i n  reference 5, t h i s  l i f t -  
curve-slope correction w a s  determined by the Mach number component normal 
t o  the leading edge. N o  a l t e r a t ions  were made i n  the aerodynamic-center 
locations.  Thus, since l i f t  and normal force approach each other  a t  
vanishingly small angles of attack, the corrections of the aerodynamic 
parameters used i n  the f l u t t e r  calculations f o r  Freon-12 were made as 
follows: 

I In  

In accordance w i t h  

(czu,n)F = 

l and 

C - c  
where - = n y F  n’A i s  given as a function of Mach number i n  f ig-  

n,F 
ure 14 ( f r o m  f i g .  16 of ref. 2) .  

C C 
~ n, F 

i RESULTS AND DISCUSSION 

I 

The f l u t t e r  data  measured i n  a i r  and i n  Freon-12 f o r  a l l  models are 
summarized i n  tab les  I1 and I11 and are shown i n  re la t ion  t o  the tunnel 

, operating boundaries i n  figures 12 and 13. It is evident t h a t  a number 
I 
I pressures near the maximum obtainable. 
I 

of the f l u t t e r  points i n  both air  and Freon-12 were reached a t  dynamic 

The ranges of mass r a t i o  and Mach number covered i n  the present 
tes ts  both i n  air  and i n  Freon-I2 are shown i n  f igure 15. Most of the  
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points shown l i e  i n  the mass-ratio range 
would be pertinent,  f o r  example, t o  current f ighter-type airplanes a t  
low t o  moderate a l t i tude .  On the other  hand, the comparatively high 
mass r a t io s  shown f o r  the 2.5OO-foot weakened models i n  a i r  would be 
appropriate f o r  modern airplanes a t  very high a l t i t ude .  

8 . 4  <; < 69.7 and hence 

Figure 16 shows the measured f lut ter-speed coeff ic ients  and f l u t t e r -  
frequency r a t io s  which correspond t o  the t e s t  conditions of f igure 15. 
The f l u t t e r  speeds and frequencies f o r  each ser ies  of models i n  e i t h e r  
a i r  or Freon-12 appear t o  be consistent among themselves. 
differences e x i s t  between r e su l t s  f o r  the weakened models i n  a i r  and i n  
Freon-12 and between r e su l t s  f o r  the weakened and so l id  models i n  Freon-12. 
The sequel w i l l  show t h a t  these differences are caused primarily by d i f -  
ferences i n  m a s s  r a t i o  ( f i g .  15). 

However, large 

Air 

The closeness of the three measured f l u t t e r  points a t  Mach numbers 
0.95 t o  0.96 f o r  model 3 of the  2.500-foot weakened semispan ser ies  
( f ig .  16) indicates  excellent repea tab i l i ty  of the present f l u t t e r  t e s t s  
i n  the transonic dynamics tunnel. Furthermore, the f l u t t e r  points f o r  
the 2.500-foot so l id  and weakened wall-mounted models are  close together. 
Figure 16 shows t h a t  the s ingle  f l u t t e r  point f o r  the 3.750-foot so l id  
wall-mounted model i s  i n  close proximity t o  the data  f o r  the 2.300-foot 
so l id  models. No f l u t t e r  was obtained, however, on the l.25O-foot so l id  
wall-mounted model. The no-f lut ter  points shown f o r  t h i s  model represent 
the  m a x i m u m  tunnel dynamic pressure a t ta inable  i n  a i r  ( f ig .  12). 

Tests of the 2.500-foot weakened models indicate an upturn of the 
f lut ter-speed-coeff ic ient  curve as Mach number decreases toward 0.3.  
This upturn i s  a t t r i bu ted  t o  the accompanying decrease i n  mass r a t i o  
( f i g .  15). 
f lut ter-speed coef f ic ien t  typ ica l ly  increases as  mass r a t i o  decreases. 

References 7 and 12 have shown tha t  for a given Mach number, 

Figure 16 shows t h a t  the subsonic f l u t t e r  speeds recorded f o r  the 
sting-mounted full-span model compare very favorably with the  data  f o r  
the wall-mounted semispan models. Although the sting-mounted model 
experienced some bounce a t  the s t i ng  f i r s t  bending frequency (5.6 cycles 
per second), the component of wing-root f l u t t e r  motion a t  the f l u t t e r  
frequency (65 cycles per second) w a s  of the order of only 0.0025 inch. 

F lu t t e r  speeds and frequencies f o r  the wall-mounted models cal-  
culated by the method of reference 5 and employing both theo re t i ca l  and 
measured steady-f low aerodynamic parameters are i n  good agreement with 
the experimental f l u t t e r  data  throughout the Mach number range ( f ig .  17). 
In  a l l  cases the calculated f lut ter-speed coeff ic ients  are  within about 
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6 percent of the measured values. 
made by the same procedure employed i n  the present, report showed good 
agreement w i t h  the f l u t t e r  data of reference 4 f o r  the sane wing plan- 
form. For the sting-mounted model the calculated flutter-speed coeffi-  
c ien t  i s  s l i gh t ly  higher than the measured points. The f ac t  t ha t  root 
freedom w a s  not taken in to  account i n  the calcula1;ions i s  believed t o  
e f f ec t  most of this  difference.  

In  reference 6, f l u t t e r  calculations 

Freon- 12 

Figure 18 shows calculated f l u t t e r  speeds f o r  Freon-12 t o  be i n  
sa t i s fac tory  agreement w i t h  measured values, a l th fxgh  there are s ignif-  
i can t  differences between the levels  of flutter-speed coeff ic ient  f o r  
weakened and so l id  models. It should be pointed out that  the experi- 
mentally determined aerodynamic coeff ic ients  used i n  some of the f l u t t e r  
calculations were measured on 6-percent-thick wings ra ther  than on 
4-percent-thick wings which w e r e  f l u t t e r  tes ted.  (See a l so  r e f .  6 . )  If 
d i s t r ibu t ions  of sect ion aerodynamic coeff ic ients  were available f o r  
4-percent-thick wings, the calculated f l u t t e r  speeds i n  Freon- 12 and i n  
a i r  would be expected t o  be s l i g h t l y  higher a t  Mach numbers near 1.0 and 
i n  s l i g h t l y  b e t t e r  agreement with experiment. Reference 6 indicates t h a t  
use of measured aerodynamic parameters f o r  a 4-percent-thick wing m i g h t  
be expected t o  r e s u l t  i n  a somewhat shallower d ip  i n  the calculated f l u t -  
t e r  speeds f o r  Mach numbers near 1.0. 

The reason f o r  the discrepancy between calculated values of f l u t t e r  
speed and frequency and the single measured f1utl;er point a t  Mach num- 
ber  1.0 i s  not known. It i s  thought, however, that the low l eve l  of 
measured f l u t t e r  speed and frequency a t  t h i s  Mach number may be asso- 
ciated w i t h  disturbances re f lec ted  from the tunnel w a l l s .  

As mentioned previously, the f l u t t e r  calculiations shown i n  f ig-  
ure 18 included a s m a l l  modification t o  the section l i f t -curve  slopes 
i n  order t o  account f o r  the difference between aerodynamic-load inten- 
s i t i e s  i n  Freon-I2 and i n  air. Supplementary calculations have shown 
t h a t  neglecting t h i s  correction would r e su l t  i n  calculated f l u t t e r  speeds 
s l i g h t l y  higher (4  percent o r  l e s s )  than those shown i n  f igure 18. 
Neglecting t h i s  correction would improve s l i g h t l y  the comparison between 
calculated and measured f l u t t e r  speeds f o r  the so l id  wings ( f ig .  18) but 
would have a slightly adverse e f f e c t  on the comparisons f o r  the weakened 
wings. Therefore, the present f l u t t e r  points do not give a clear-cut 
indicat ion of the appropriateness of t h i s  correction. In  any event, f o r  
subsonic and transonic Mach numbers the Correction appears t o  have only 
a s m a l l  e f f e c t  on the present f l u t t e r  speeds. It appears, therefore, 
t h a t  the correction may be reasonably neglected i n  the in te rpre ta t ion  
of Freon-I2 f l u t t e r  data i n  terms of equivalent a i r  data fo r  planforms 
similar to  the present one. 

i 

That is, f l u t t e r  data obtained i n  Freon-12 



may be interpreted d i r e c t l y  as f l u t t e r  data i n  a i r  a t  the same mass r a t i o  
and Mach number. This d i r ec t  in te rpre ta t ion  would r e su l t  i n  a s l i g h t l y  
conservative estimate of the f l u t t e r  boundary. However, f o r  purposes of 
estimating the f l u t t e r  boundary f o r  a model tha t  i s  t o  be t e s t ed  i n  Freon, 
the correction probably should be used. 

It should be emphasized tha t  these statements are  per t inent  only t o  
a s ingle  phenomenon ( f l u t t e r ) ,  and the present invest igat ion i s  l imited 
t o  a s ingle  planform. For wings w i t h  planforms s ign i f i can t ly  d i f f e ren t  
from the present, f o r  higher Mach numbers, f o r  other aerodynamic shapes, 
o r  f o r  other  phenomena, some correction of Freon data may be required. 

Effect  of Mass Ratio 

Figure 16 shows t h a t  a t  a given Mach number, s ign i f icant  differences 
e x i s t  i n  the leve ls  of transonic f lut ter-speed coeff ic ients  between t e s t s  
i n  air  and i n  Freon-= and between tests of so l id  and weakened models i n  
Freon-=. The good agreement between calculated and measured f l u t t e r  
speeds ( f ig s .  l 7 (a )  and 18(a)), however, indicates  t h a t  these s izable  
differences a re  caused predominantly by differences i n  mass r a t io .  I n  
s p i t e  of the large range of mass r a t i o  covered by the present t e s t s ,  
f l u t t e r  charac te r i s t ics  measured both i n  a i r  and Freon-I2 a re  sa t i s fac-  
t o r i l y  correlated by the modified s t r i p  analysis ( f ig .  19) .  

The e f f e c t s  of mass-ratio var ia t ion  on subsonic and supersonic f l u t -  
t e r  charac te r i s t ics  f o r  a va r i e ty  of wing planforms have been studied 
theo re t i ca l ly  i n  references 7 and 12. 
densi ty)  are  shown f o r  the present wings i n  f igures  20 and 21. It should 
be noted spec i f i ca l ly  i n  f igure  20 t h a t  f lut ter-speed coef f ic ien t  becomes 
very sens i t ive  t o  density changes when the density l e v e l  i s  low. 
other  words, a t  low dens i t ies  s m a l l  discrepancies i n  densi ty  can lead t o  
large deviations i n  f lutter-speed coeff ic ient .  Therefore, there  may be 
reason t o  doubt t h a t  the present close agreement between measured and 
calculated f l u t t e r  speeds could be generally obtained a t  the low densi ty  
leve ls  associated w i t h  some of the t e s t s  i n  air. However, f igure  21 
shows that  the f l u t t e r  reduced frequency f o r  a given wing generally 
decreases as densi ty  decreases. As indicated i n  reference 5 the  f l u t t e r -  
analysis  method employed herein would be.expected t o  become more accurate 
as reduced frequency decreases. 

Similar e f f e c t s  of mass r a t i o  (or  

In  

Comparison With Data From the Tangley Transonic Blowdown Tunnel 

I n  f igure 22 a l l  the f l u t t e r  speeds and frequencies measured i n  the 
Langley transonic dynamics tunnel are  compared w i t h  the  f l u t t e r  data of 
reference 4 which were obtained i n  the Langley transonic blowdown tunnel. 
Although the data from the two f a c i l i t i e s  overlap only i n  the transonic 



range, the two s e t s  of f l u t t e r  speeds and frequencies appear t o  be 
generally consistent w i t h  each other.  A t  Mach numbers below 1.0, the 
mass r a t i o s  associated w i t h  the  data  of reference 4 l i e  between those 
f o r  the present t e s t s  of the 2.500-foot weakened models i n  air and i n  
Freon-= ( f ig .  22). 
reference 4 l i e  near or between the curves f o r  th.e weakened models i n  
air  and i n  Freon-=. A t  Mach numbers above 1.0, mass r a t i o s  f o r  the 
present t e s t s  i n  air  i n  the transonic dynamics tunnel a re  much higher 
than those f o r  the t e s t s  i n  the transonic blowdown tunnel; therefore,  
the present f lut ter-speed coef f ic ien ts  are  lower than those from 
reference 4. 

Consequently most of the f lut ter-speed points from 

The consistency of the present data with those of reference 4 
( f ig .  22) i s  supported by calculat ions by the method of reference 5. In 
par t icu lar ,  these calculat ions ( f ig .  20) indicate  t h a t  f o r  a given Mach 
number, lower f lut ter-speed coef f ic ien ts  would be associated w i t h  higher 
mass-ratio values. (See also, for example, f i g s .  48 and 59 of r e f .  7.) 
The calculat ions a l so  indicate  t h a t  f lutter-speed coef f ic ien ts  a re  more 
sens i t ive  t o  mass-ratio differences at  supersonic Mach numbers than i n  
the subsonic range. 

CONCWSIONS 

I An experimental subsonic and transonic f l u t t e r  invest igat ion of a 
45O sweptback wing planform has been conducted i n  a i r  i n  the Langley 
transonic dynamics tunnel. 
i n  Freon-12. 
analyses and with experimental r e s u l t s  from another f a c i l i t y  indicate  
the following conclusions: 

A l imited amount of data  was a l so  obtained 
Comparisons of the r e s u l t s  w i t h  corresponding theo re t i ca l  

1. F l u t t e r  data  measured i n  the Langley transonic dynamics tunnel  
, appear t o  be generally consistent with f l u t t e r  data obtained i n  the 
I Langley transonic blowdown tunnel. 
I 

2. Subsonic and transonic f l f i t e r  charac te r i s t ics  obtained i n  
Freon-I2 may reasonably be interpreted d i r e c t l y  as equivalent f l u t t e r  
data i n  air  a t  the same mass r a t i o  and Mach number. This d i r e c t  in te r -  
pretat ion,  however, would r e s u l t  i n  a s l i g h t l y  conservative estimate of 
the  f l u t t e r  boundary. 

I 3. A t  a l l  Mach numbers, f l u t t e r  calculat ions made by a modified- 
s t r i p a n a l y s i s  method are  i n  good agreement with the measured f l u t t e r  
data  i n  both a i r  and Freon-=. I 
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4. The differences between subsonic flutter characteristics measured 
with 2.500-foot and 3.750-foot wall-mounted semispan models are insig- 
nificant. Subsonic flutter characteristics for the sting-mounted full- 
span model compare favorably with the flutter data for the wall-mounted 
semispan models. 

5. The wide range of mass ratio covered in this investigation caused 
sizable differences in flutter-speed coefficients (for a given Mach num- 
ber) both experimentally and theoretically. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Air Force Base, Va., March 6, 1962. 
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F i r s t  t o r s i o n  mode 

Figure 6.- Representative node-line pattern for  semispan models. 
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Figure 9.- Measured distribution of torsional stiffness for representa- 
tive semispan models. 
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Figure 13.- Operating range of dynamic pressure, t o t a l  pressure, and Mach 
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Figure 20.- Effect of density on the flutter-speed coef f ic ien ts  calcu- 
l a t ed  for weakened 2.500-foot wall-mounted wings i n  air. 
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Figure 21.- Effect of density (or  mass r a t i o )  on the f l u t t e r  reduced f re -  
quency calculated f o r  weakened 2.500-foot wall-mounted wings i n  air. 
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Figure 22.- Comparison of flutter characteristics measured in the tran- 
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